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that of the Hamitic Berbers who have lived in the vales of 
the Atlas from the remotest times. In attributing the meg- 
alithic monuments of western Europe and northern Africa 
exclusively to Celtic and Germanic peoples, he proceeds be- 
yond what arcbasologists have conceded. The difficult 
problem of the conflicting physical types among the Celtic 
nations — the one short in stature, brachycephalic, and 
brown, the other tall, dolichocephalic, and blond — he sum- 
marily solves by supposing either an intermixture with other 
types or a change in mode of life and climatic environment. 
The Celtic language he places, as do now all leading lin- 
guists, within the Aryan group and in that category most 
closely allied to the Italic stock. 

The same topic is discussed very ably by the French an- 
thropologist, Dr. R. Collignon, in one of the recent bulletins 
of the Societe d'Anthropologie. After setting forth in strong 
lights the embarrassing nature of the evidence, he Anally 
leans to Broca's opioion, that the small, brown, brachyceph- 
alic Celts are a mixed type; while the true and primitive 
type, which we may call the Kymric, was one of tall stat- 
ure, with reddish or blond hair and dolichocephalic crania. 
An interesting portion of Dr. Collignon 's memoir is where 
he points out the persistency of various physical types in 
portions of France for many centuries, even for thousands 
of years, as an examination of ancient sepulchres has 
proved. 

MOTION AND HEAT. 

[Continued from p. 135.] 

But nature has other means of compensation for the molar 
motion converted into heat. Incalculable units of heat-en- 
ergy are stored up in vegetable and animal organisms ; and 
in evaporation still more countless units of heat-energy are 
converted first into molecular, and then into molar motion, 
in its most terrific forms. 

Evaporation and the function it performs in the economy 
of nature are as yet little understood. It appears to be a 
form of expansion, and, like expansion, it increases with 
elevation of temperature; but it does not stop when expan- 
sion ceases, for it is well known that ice continues to evapo- 
rate below zero 0. 

It is undoubtedly the great instrumentality for converting 
heat into motion. It is constantly acting, and in the trade 
wind region eleven feet of the ocean's depth is annually 
lifted up and carried off by this silent process. Molecule by 
molecule the aqueous vapor is torn from the liquid mass, 
each one carrying or embodying so much heat and thus re- 
ducing temperature; in other words, each molecule moved 
in evaporation furnishes work in the form of motion for so 
much of the force or energy which was dynamic in the form 
of heat. 

Molecular motion, evidenced by gaseous expansion in a 
closed vessel, is governed by the general laws of motion; 1 
and it seems incredible and anomalous to hold that the inert 
molecule moved in evaporation, which unites with its fel- 
lows as aqueous vapor, and comes down again as rain, is not 
governed by the same laws of the motion which this force 
or energy, in the form of heat, imparts to it in the atmos- 
phere. 

If these laws of motion do apply to the motion imparted 
by converted heat to evaporated molecules, we have an ori- 
gin for the trade winds far more simple than the generally 
supposed convection. The trade winds blow over the tropi- 

> " Molecular Motion in the Radiometer," etc., p. 16. 



cal water where convection is smallest, and not over tropical 
land, where it is greatest. 

But it is sufficient for the present purpose to show that 
heat is converted into motion in the process of evaporation; 
and that even if the force or energy which, in the form of 
molar motion, is directly converted into heat by resistance, 
cannot be directly reconverted from heat into molar motion, 
there is in terrestrial nature a law of compensation which 
tends to convert any surplus of dynamic heat into dynamic 
motiou, and thus preserve the equilibrium which has been 
observed. 

Professor Tyndall has taught us how to trace radiant en- 
ergy from one body to another, and how the dark or heat 
rays may be concentrated into the more intense light rays, 
after they have left the body which sent them forth. And 
Faraday, Joule, Mayer, Grove, and others have taught us 
the law of conservation, by which we know that this energy, 
when it disappears, is not annihilated, and when it reappears 
it is not a new creation. We see its manifestation in mo- 
tion, molar and molecular; we feel it in heat, we see it in 
light and color, and hear it in sound. The motion may 
cease; light may be extinguished in darkness; colors may 
fade, and sound give place to profound silence ; but the en- 
ergy or force which caused all these phenomena was the 
same before they appeared as during their continuance, and 
its potential existence remains after their disappearance with 
the same measurable units as when it was dynamic, and 
subject to observation. 

When the demon was cast out of the man and went into 
the swine, and they ran into the sea, it was the swine, and 
not the demon, who were drowned. He doubtless passed 
out into demon land, ready to again become dynamic when 
occasion offers. 

Tins force, or energy, we are trying to trace, while dy- 
namic, can only do so much work at one time. If it is en- 
tirely occupied in moving a mass, it cannot do other me- 
chanical work; and if entirely occupied in molecular motion 
it cannot elevate temperature, nor become radiant as heat 
or light. And when rendered entirely potential, as when a 
ball thrown up is lodged on the roof of a house, or when 
heat becomes latent in liquefaction or evaporation, or when 
the sun's energy is locked up in the molecular structure of 
vegetable and animal organisms, it can do no work at all 
until again rendered dynamic. Its power and capacity when 
released is identically the same, neither more nor less, than 
when it was locked up. This is true whether it was locked 
up as motion or locked up as heat. 

It has always ssemed to me to be unfortunate and mis- 
leading that Professor Tyndall should have adopted "Heat 
a Mode of Motion " as the title of the book in which he gives 
to the world an account of his great and valuable researches 
in the delimitation of this force. Like the term " Mechani- 
cal Equivalent of Heat," it results from mistaking the thing 
done for the thing doing it, the effect for the cause. Heat 
is not a mode of motion, and it would be just as inaceurate 
to call gravity a mode of weight, or magnetism a mode of 
pull, and even less inaccurate to call motion a mode of heat- 
Motion and heat are forms or manifestations of the same 
force or energy, and when radiant, as heat and light, it is 
more nearly disconnected from ponderable matter than when 
it assumes the form of molar or molecular motion. 

Motion, in all its forms, is the transference of material 
substance, ponderable or imponderable matter, from one 
place or part of space to another; it is the state of pondera- 
ble matter in which the forces acting on it are not in equi- 
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librium. Rest is the opposite of motion ; it is the slate of 
matter in which the physical forces acting on it are in equi- 
librium; that is when the force impelling motion in a given 
direction is counteracted by an equivalent force impelling 
motion in the opposite direction ; or is resisted by a superior 
force. A stone rests on the surface of the earth because the 
force of gravity acting on the stone is resisted by the force 
of cohesion in solid matter; but the force continues although 
there is no motion resulting from it. The stone sinks in 
water, that is, it moves from the force of gravitation because 
the force of cohesion in the molecules of water is insufficient 
to counteract the force impelling motion ; but when the force 
of cohesion in the molecules is sufficiently increased by con- 
gellation, the stone rests on the surface of the ice. So a top 
spun rapidly rests on its peg, because the force giving it hori- 
zontal motion counteracts the pull of gravity which causes 
it to fall when the rotation ceases. 

Dr. Mayer defines force as " Something which is expended 
in producing motion: and this something which is expended 
is to be looked upon as a cause equivalent to the effect, 
namely to the motion produced." 1 

This is obviously t<?o narrow to include even dynamic en- 
ergy. Two horses pulling a vehicle in opposite directions 
with the same force would produce no motion; divide the 
force by unhitching one of the horses, and the vehicle moves. 
Then, according to this definition, we have the absurdity 
that the whole force is nothing, but half of it is something. 

A correct definition of phpsical force is that it is some- 
thing producing the state of ponderable matter in which it is 
subject to human observation. Whether the state be one of 
motion or rest, hot or cold, solid, liquid, gaseous, colored, 
etc., it is the result of force. We only know physical force 
from its effects on ponderable matter, and we only know 
ponderable matter as affected by force. 

The supposed difficulty in the concept of an element in 
nature entirely distinct from, but inseparably connected with, 
ponderable matter, is entirely factitious. Time and space 
are such elements, entirely distinct from, and inseparably 
related to, ponderable matter; and the concept of force as 
above defined is as absolute and imperative as the concept of 
time, the concept of space, or the concept of matter itself. 
The progress of science in tracing a force through its various 
manifestations, as has been done to some extent with gravity, 
confirms the primal concept of force which comes with the 
very dawn of intelligence. 

The still more abstract concept of law by which any force 
js what it is, is also primal, absolute, and inevitable in every 
human intelligence. 

Whether all ponderable matter is one as claimed by some 
philosophers, or whether all force is one as claimed by other 
philosophers, are speculations which, with our present 
knowledge of these elements, are idle if not mischievous. 

It is undoubtedly from phenomena resulting from the ap- 
parent differences in ponderable matter, and the apparent 
differences in the forces acting on it, that .real progress in 
unravelling nature has been made. 

We need a specific name for this force of which molar 
motion, molecular motion, heat, and light, are manifesta- 
tions. There seems to be no doubt that positive electricity 
is also one of its forms. Electricity, like heat, is developed 
by friction and by chemical reaction; and its mechanical 
equivalent, or, more accurately, the electric equivalent of 
molar motion, doubtless is the same as the heat equivalent of 
molar motion, or differs from it by some law which will 

1 "Correlation and Conservation of Forces," D. Appleion & Co., 1S90, p, ii35. 



prove the identity of the force. Dr. Mayer suggested that 
whether friction, which of course is resisted molar motion, 
developed heat or electricity, depended on the character of 
the substances used in the friction, homogeneous substances 
developing heat and heterogeneous substances electricity. 
There appears to be no essential difference in the chemical 
reactions which develop heat and those which develop elec- 
tricity; the difference apparently being in the mode of ap- 
plying the force or energy and the substances to which it is 
applied. 

Electricity passes from dynamic to potential under not 
precisely the same conditions as heat, but not more essen- 
tially different than the conditions under which motion 
passes from dynamic to potential, and its dynamic power is 
exhausted in doing work. This feature of electrical energy 
has been utilized by Mr. Hodges in his new lightning-rod, 
constructed of copper ribbon, so arranged that the copper 
will be dissipated by the electric current. 

But I must leave this branch of the subject to those better 
informed as to the phenomena. 

There may be still other forces, or rather forms of force, 
which may be found to have equivalence and mutual con- 
vertibility with heat. It is equivalence and mutual conver- 
tibility which warrants the assumption that motion and heat 
are phenomena resulting from, or, more accurately, are 
manifestations of, the same force. 

In speaking of the force itself, I have used the expression 
" force or energy " because these words have several mean- 
ings, and the sense in which they are synonymous comes 
nearer the expression of the concept sought to be presented 
than any other phrase that has occurred to me. But it would 
facilitate induction if we could call it " Ergic Force," or 
"Ergism," or give it some other specific designation to dis- 
tinguish it from other forces, or force generally, including 
under the term "Ergism" every manifestation of force for 
which a heat equivalent may be found. This name seems 
appropriate because it suggests the element in nature which 
is the basis of work It enables us to grasp a concept of the 
force distinct from its manifestation in any one of its forms; 
and if the delimitation itself is correct we can class as 
" Antergic " the forces, like cohesion, which have no heat 
equivalent, but which, under certain conditions, render dy- 
namic "Ergism" potential. Daniel S. Troy. 
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Further Notes on the Loup and Platte Rivers. 

Several, jears since it was my privilege to spend several weeks 
studying the peculiar drainage of central Nebraska. I have there- 
fore been much interested in the papers of Professors Hicks and 
Davis in recent numbers of Science. 1 trust I shall not be intrud- 
ing if I call attention, at this time, to a few additional facts which 
seem to have a bearing on the discussion. 

1. The streams north of the Platte, from Kearney to Fremont, 
have their courses first quite regularly south-east, then, as they 
near the Platte, they turn to the east-north-east, adopting the 
direction of that stream. Not only is this true of the Loup system, 
as Professor Hicks has well shown, but also of Shell Creek and 
Maple Creek further east. 

2. There are dry channels, but little above the streams, connect- 
ing the Loup with Shell Creek, and Shell Creek with the Maple, 
which are known as Lost Creek and Dry Creek. These lie in the 



